To determine whether professional activities, professional productivity, and salaries of life sciences faculty differ by gender. The authors undertook this study because previous studies found differences in the academic experiences of women and men.
Method
In 2007, the authors conducted a mailed survey of 3,080 life sciences faculty at the 50 universities whose medical schools received the greatest amount of National Institutes of Health funding in 2004. The response rate was 74% (n ϭ 2,168). The main outcome measures were a faculty member's total number of publications; number of publications in the past three years; average impact score of the journals in which he or she had published; professional activities; work hours per week; the numbers of hours spent specifically in teaching, patient care, research, professional activities, and administrative activities; and annual income.
Results
Among professors, the women reported greater numbers of hours worked per week and greater numbers of administrative and professional activities than did the men. Female faculty members reported fewer publications across all ranks. After control for professional characteristics and productivity, female researchers in the life sciences earned, on average, approximately $13,226 less annually than did their male counterparts.
Conclusions
Men and women in the academic life sciences take on different roles as they advance through their careers. A substantial salary gap still exists between men and women that cannot be explained by productivity or other professional factors. Compensation and advancement policies should recognize the full scope of the roles that female researchers play. Acad Med. 2010; 85:631-639.
Thenumberofwomeninthelife sciences has increased markedly over the past four decades. 1, 2 Nevertheless, women and men have very different academic experiences. Women advance in academic rank more slowly than do men, hold fewer leadership positions, and receive lower salaries. 3, 4 However, women also work fewer hours in academic settings than do men, have fewer publications and research grants, and receive lower resource and space allocations. 2, 5, 6 Various factors may explain these differences, including women's generally greater role in balancing work and family responsibilities, a lack of effective mentors for women, women's different career choices, and discriminatory attitudes. 6 -8 Whereas prior studies such as those by Jagsi et al 2 and Ash et al 4 elucidated differences in academic rank and compensation between male and female researchers, they provided little information about gender differences in professional roles and activities and the effect of those differences on salary discrepancies. Furthermore, previous studies reached back many years, so a question remains as to whether earlier gender disparities still exist. To address these issues, we surveyed life sciences researchers in the 50 most researchintensive universities and medical centers in the United States. We considered three questions: (1) Do the professional activities of life sciences researchers differ by gender? (2) Does professional productivity of researchers still vary by gender? (3) After professional activities are accounted for, does salary differ by gender?
Method

Sample design
We surveyed life sciences researchers between January and March 2007, selecting the 3,080 respondents in three stages. First, we identified the 50 universities whose medical schools (or medical school affiliations) received the greatest amount of extramural funding from the National Institutes of Health (NIH) in 2004. Second, within these 50 institutions, we identified all departments and programs relating to life sciences and grouped them into four sampling strata: (1) departments of medicine, (2) other clinical departments (referred to below as "nonmedical clinical"), (3) life sciences departments without clinical programs (the nonclinical stratum), and (4) genetics programs. The nonmedical clinical stratum included departments receiving the highest amounts of NIH funding in 2003 (2004 departmental funding information was unavailable): anesthesiology, neurology, neurosurgery, obstetrics-gynecology, otolaryngology, pathology, pediatrics, psychiatry, radiation oncology, and surgery. The nonclinical stratum included anatomy/ cell biology, biochemistry, microbiology, pharmacology, and physiology/ biophysics; these programs were in medical schools or university graduate departments. To identify U.S. programs offering doctoral-level genetics training, we consulted Peterson's Guide to Graduate Programs. 9 Finally, we selected at random 770 life sciences researchers from each of the four sampling strata, drawing their names and addresses from departmental Web sites and from the Association of American Medical Colleges Faculty Roster (for the clinical strata). To eliminate fellows and hospital staff who are not clinicianresearchers, we sampled only those clinical researchers with at least one publication (other than a review article or a letter) that was listed in the National Library of Medicine Medline database from 2003 through 2005.
Survey design and administration
To develop our questionnaire, we revised a survey that had been administered to life sciences faculty in 1985 10 and 1995. 11 We conducted focus groups and in-depth interviews with scientists to identify new topics to add to this existing questionnaire. We refined the new survey questions by using cognitive testing, and we tested the entire survey with researchers who were randomly selected from the sampling frame. The final survey included 108 questions and took approximately 15 to 20 minutes to complete. The survey included three types of items: (1) items with multiple responses (e.g., "In the past three years, have you been a chair or an associate chair of your department, a universitywide administrator, a member of a review panel, an editor of a professional journal, a consultant to the government, a director or associate director of a research institute or center, a chair of a universitywide committee, an officer of a professional association, or a member of a board or review panel on a foundation?"), for which respondents were asked to check all that apply, (2) items with Likert scale-type responses (e.g., to a great extent, to some extent, very little, or not at all), and (3) items with yes/no responses. The survey also included items that required respondents to specify the number of hours spent in individual academic activities, the total amount of their grant funding, and the names of the last five journals in which they had publications.
The Center for Survey Research (CSR) at the University of Massachusetts-Boston administered the survey and asked each respondent to return the completed questionnaire in the return envelope (enclosed with the survey) and to mail, separately, the enclosed postcard, which included that respondent's identification number. To ensure the anonymity of responses, the identification numbers on postcards could not be linked with the completed surveys themselves; CSR conducted telephone follow-up with all individuals who did not return the postcard. Because of the small numbers of researchers in each rank-and-gender category at sampled institutions, information on department or specialty could potentially reveal individual identities; therefore, to further guarantee anonymity, we did not ask respondents to provide that information. The institutional review boards at Massachusetts General Hospital and the University of Massachusetts-Boston approved this study. We had complete independence in developing the survey, collecting and analyzing the data, and reporting the results.
Variables
We assessed academic productivity by examining each respondent's professional activities, total number of publications, number of publications in the past three years, and number of publications per year. We asked respondents to list the journals in which their last five peerreviewed articles were published, and, using journal impact factors from the 2006 ISI Web of Science, 12 we averaged the impact factors for the five journals named by each respondent.
To explore professional activities, the survey asked respondents to indicate roles they had filled in the past three years. The roles listed were chair or associate chair of their department; university-wide administrator; member of a federal agency review panel or study section; editor or editorial board member of a professional journal; government consultant; director or associate director of a research institute or center; chair of a university-wide committee; officer of a professional association; or member of a foundation board or review panel.
The survey also gathered data on the total number of hours spent on professional activities during a typical workweek, including patient care, research, teaching, consulting, professional travel, writing, professional reading, and administration but excluding time on call when not actually working. The survey then asked respondents to specify the number of hours spent in each of the following activities: direct patient care, teaching, research, administration, and other professional activities outside of their institution. The number of hours spent in specific activities did not have to equal the total number of hours spent working.
We asked respondents to report their annual institutional salary, including income from clinical practice plans. To provide this information, they checked one of the following categories: under $50,000; $50,000 to $74,999; $75,000 to $99,999; $100,000 to $149,999; $150,000 to $199,999; $200,000 to $299,999; $300,000 to $349,999; or $350,000 or more.
Analysis
All data were weighted to adjust for differential nonresponse and probability of selection within sampling strata. Because institutions vary significantly in the use of the rank of "instructor," our analysis considered only researchers at the level of assistant professor or higher. All data analysis was conducted by researchers at Massachusetts General Hospital and Brandeis University.
To determine whether men and women differed in number of hours worked, amount of time spent in various professional activities, and productivity, we ran separate multivariate regressions for each measure. We stratified regressions by academic rank and controlled for the number of years in the profession, race, ethnicity, and the type of department that a respondent worked in-clinical or basic research.
We used linear regression and ordered logistic regression to explore associations of gender with income after we controlled for race, ethnicity, academic rank, department (i.e., survey stratum), provision of patient care, research budget, professional service acts, the number of hours worked, and the average impact factor of journals in which a respondent published. To assess their total research budgets, respondents were asked two questions. First we asked, "What is the total budget this fiscal year for grants and contracts from any source on which you are the principal investigator (PI)? (please exclude overhead/indirect costs)." Then we asked, "What is the total budget this fiscal year for grants and contracts from any source on which you are the co-PI? (please exclude overhead/indirect costs)." These questions were used to create a total research budget variable. Because the variable is not normally distributed, we included the log of this amount in the multivariate regression.
The income analysis excludes faculty in nonmedical clinical departments. As stated above, in light of concerns for confidentiality, we did not collect data on respondents' specialties. Because any income differences found among this group are likely to be strongly influenced by specialty choice, we excluded them from the income analysis.
In addition to our standard regression analysis, we used the Peters-Belson regression method to examine observed differences in income between male and female faculty. This approach partitions the observed disparity into a portion that is "explained" by the covariates in the model and a portion that is "unexplained" by the same covariates. Wage discrimination studies have used Peters-Belson regression to estimate the incomes that women would have if they were men, by first fitting the regression for men and then estimating individual women's salaries by controlling for their covariates in this model. [13] [14] [15] To estimate the magnitude of salary differences, we used a standard labor economics technique, assigning each respondent the midpoint of his or her salary category for the lowest seven groupings; for example, respondents reporting annual incomes of $100,000 to $150,000 were assigned values of $125,000. 16, 17 This strategy allowed us to turn categorical values into continuous values. For the highest category (incomes Ն $350,000), we set income equal to $350,000 and included a separate dummy variable for these cases (4.6% of the total) in our linear regressions. This approach limited potential distortions caused by upper-income outliers, and it constrained overall variation. Thus, differences across groups must be sufficiently strong to affect the general size of income categories. All regression methods produced robust and equivalent findings. For brevity, we present only the results of the general linear regression and the Peters-Belson regression. We conducted all analyses by using SAS statistical software (version 9.1; SAS Institute, Cary, North Carolina).
Results
Response rates
Of 3,080 researchers in the sample, 139 were ineligible because they had died or retired, no longer held faculty appointments, or could not be located. Of the remaining 2,941 researchers, 2,168 completed the survey, for an overall response rate of 74%. Response rates were 72% among subjects in clinical departments and 75% in nonclinical departments. 18 Respondents were predominantly male and white; 971 (44.8%) were full professors, and 568 (26.2%) were associate professors ( Table 1 ). Nearly two-thirds (62%) held PhDs. Approximately 87% had worked in the life sciences for 10 years or more and had annual incomes of at least $100,000. Female respondents were less likely than male respondents to hold the rank of professor, and they were significantly more likely to work in clinical departments. Female respondents reported fewer years as faculty than did male respondents: 60% of male respondents reported having been faculty members for 20 years or more, compared with only 42% of female respondents.
Hours and activities
Among full professors, the women reported working significantly more hours per week than did the men after adjustment for number of years in the profession, race, ethnicity, and affiliation with a clinical or basic science department ( Table 2 ). The women and the men reported that they spent an approximately equal number of hours in performing research, patient care, and teaching, whereas the women reported that they spent significantly more hours than did the men in performing administrative tasks and other professional activities. Weekly work hours and activities did not differ by gender among associate professors.
Among assistant professors, the women reported working significantly fewer hours per week than did the men ( Table  2 ). Female and male assistant professors reported spending an approximately equal number of hours in patient care, teaching, administrative tasks, and other professional activities, after adjustment for demographic and professional characteristics. However, the women reported spending significantly fewer hours in research than did the men. Table 3 presents measures of professional productivity. After adjustment for demographic and professional characteristics, female full professors reported significantly fewer total publications than did male full professors. Several male outliers (those with more than 500 publications over lengthy careers) strongly affected this 40-publication spread of mean values. The male respondents had a median total of 100 (data not shown) publications, whereas the female respondents had a median total of 84 publications.
Productivity
Among associate professors, the women reported significantly fewer total publications than the men and a significantly smaller number of publications in the past three years. Assistant professors displayed a similar pattern for total publications.
We asked respondents to report on nine professional service activities. Table 4 presents findings from full professors only (they accounted for 65.8% of reported activities). Of these nine activities, female full professors were significantly more likely to report five: university administrator, member of federal review panel, journal editor or editorial board member, chair of university-wide committee, and officer of professional association. Female professors were almost twice as likely as * NIH indicates National Institutes of Health. All data were weighted to adjust for differential nonresponse and probability of selection within the four sampling strata. † The numbers may not sum to 2,168 because of missing data. ‡ The percentages may not total 100% because of rounding. § Significant difference between the distribution of men and women across all levels of the categorical variable;
values obtained by using a chi-square test. ¶ The percentages do not total 100% because some respondents had multiple degrees.
Significant difference between men and women; values obtained by using a test of difference of proportions within the row.
males to report having four or more professional roles in the past three years. significant for those with MD-PhD degrees (Ϫ$9,800, P ϭ .47).
Institutional salary
Discussion
Compensation and academic advancement in life sciences research depend largely on research productivity, which is partially gauged by the publication of original research. Our national survey found that female researchers of all ranks produced fewer publications than did their male counterparts. Nonetheless, even after we accounted for differences in publications, personal attributes, and other professional activities, female researchers still had annual salaries that were approximately $6,000 to $15,000 less than those of their male counterparts.
Although some may perceive these discrepancies as modest, the cumulative disparity over an academic career is substantial. During 30 years, for example, an average female faculty member with a PhD would earn $214,470 less than would a comparable male faculty member. If this annual deficit were invested in retirement accounts that grew by 6% annually, the total difference would approach $700,000; for department of medicine faculty, it would approach $1.3 million dollars. Moving forward, with increasing numbers of female researchers reaching professional heights, it is critical to monitor compensation differentials and not to assume that the growing prominence of women means that salary inequity is resolved.
Our survey demonstrated that, especially once they become full professors, men and women have somewhat different jobs. Compared with male full professors, female full professors worked more hours overall and spent significantly more time in administrative and professional activities and less time conducting research. Given the relatively small number of female full professors, the greater time spent on professional and other administrative roles could reflect efforts of institutions to increase the diversity of the individuals filling those roles. Female professors may feel compelled to accept these invitations, perhaps to serve as trailblazers or to fulfill some personal goal, but the possible consequence is that these activities are expanding the women's working hours.
At the other end of the academic ladder, the picture looks somewhat different. Among the junior ranks, the women spent fewer hours working per weekparticularly in research-than did the men. This difference might explain the lower total number of publications by female faculty found in our survey as well as the smaller numbers of grant applications by female faculty that have been detected in other studies. 5,19 -21 Selfperpetuating cycles could ensue, in which lower external funding provides less support for research time and less opportunity to produce publications, which then leads to fewer successful grant applications and lower funding. This cycle could exacerbate disparities between men and women in the amount of time they have for research. Our study had important limitations. We did not confirm salary levels, relying on anonymous self-reports. We asked respondents to report on one time period or to recall experiences over the past three years. Although this strategy could produce recall bias, women and men are unlikely to differ systematically in their recall. To protect respondent anonymity, we did not ask respondents to identify their specialty, and therefore we cannot assess how that factor affects annual compensation. Nonetheless, we found gender salary differentials in three different analytic groups: PhDs, nonclinicians, and department of medicine researchers. Thus, specialty choice is unlikely to completely explain salary discrepancies by gender. As a further protection of respondent anonymity, we did not obtain data on the regional locations of the respondents. Therefore, we cannot exclude the possibility that a portion of the salary differential could be due to regional variations in salary. Finally, our study did not ask about intangible benefits from professional activities, career satisfaction, or perceptions of workplace discrimination. Therefore, we cannot report how the female professors felt about their jobs and their salaries or whether they perceived differences in job status between themselves and their male colleagues.
Our survey selected a very specific subset of life sciences researchers-those at the institutions (and departments) receiving the largest amounts of NIH funding in the country. Because we aimed to survey researchers, we included only individuals who had published at least one journal article. This strategy meant that, for the clinical sample, we excluded 36.6% of researchers from medicine departments and 41.7% of those from other clinical departments. Furthermore, we excluded departments that were not heavily involved in NIH research and institutions without medical schools or medical school affiliations (e.g., Massachusetts Institute of Technology). Researchers at other types of institutions-or those with lower portfolios of NIH grants-might have different experiences. It is possible that the income disparity between men and women may be narrower in institutions that are less focused on research. Nevertheless, given the sampling design and high response rate, we believe that our study validly represents life sciences researchers who are conducting most of the federally funded, peer-reviewed research in the United States.
Our findings confirm and extend earlier work on differential compensation between men and women in the academic life sciences. Nonetheless, our data do not identify the source of these differences. Given the improbability that women would voluntarily choose to be paid less than men for comparable work, other forces must be at play. As elsewhere in society, these discrepancies could reflect historical practices, perhaps including sexist or otherwise disparaging attitudes about the contributions of women scientists, or they may reflect the different choices made by female researchers. For example, female physicians may choose to go into lowerpaying specialties, for various reasons.
Our findings also suggest that men and women in the academic life sciences take Table 4 Professional on different roles as they advance through their careers. Finally, our findings show that, despite increased national attention to gender inequalities in salary, women in the life sciences at all academic ranks, both PhDs and MDs, continued in 2007 to receive lower annual salaries than did their male counterparts. Compensation and advancement policies should recognize and reward the full scope of the roles that women researchers play as they advance in their careers and contribute to life sciences research.
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